Acute mood changes occur with various forms of physical activity. Increased levels of endogenous opioids (endorphins) in response to exercise may mediate activityinduced shifts in mood state. Thirteen female and six male aerobics class participants aged 20-46 years received the opiate receptor antagonist naltrexone and a placebo in randomized, double-blind crossover fashion on two separate occasions at the same 75-min high-intensity aerobics class. Mood states were assessed before and after each class, which were spaced 5 days apart, using the Profile of Mood States questionnaire (POMS), a mood adjective checklist, and a Visual Analogue Scale (VAS) which measured mood in relation to several emotional extremes. Mood changes over the course of each aerobics class were compared in the naltrexone and placebo groups. For men and women, significant differences between conditions were observed in overall mood by both the POMS (P < 0.005) and VAS (P < 0.02). There were significant differences between conditions for most subscales of each mood instrument (P < 0.05); with the placebo, mood states became calmer, more relaxed and pleasant, tending away from depression, anger and confusion. Positive mood shifts did not occur when subjects were preloaded with naltrexone, suggesting that activity-generated mood changes are mediated through endorphinergic mechanisms.
A number of studies have demonstrated altered endorphin immunoreactivity and increased plasma concentrations of endorphin and lipotropic hormones in response to physical activity. Acute responses of endogenous opioids have been reported following running events' 2, graded exercise tests3' , bicycle ergometer tests5'6 and swimming7, typically resulting in a two-five-fold increase in endorphin levels. Observations such as these suggest that the phenomenon of the 'runner's high', an acute positive shift in mood state, might be related to changes in endorphin levels with physical activity. Such a hypothesis is supported by the observations that individuals who exercise regularly do so to relieve negative feelings of discomfort, irritability, frustration and nervousness8, and that increases in endorphin-like immunoreactivity after running correlate with the shift to a feeling of pleasantness9. The phenomenon of the 'runner's high' might, therefore, be more appropriately termed the 'runner's calm', since these changes in mood more closely resemble an opioid state characterized by 'calm' than a euphoric 'high', but whether mood is influenced at all by endorphin response to exercise has not been established.
Using opiate receptor antagonists to block any endorphin effect, and various psychological instruments to assess mood state, several studies have failed to observe differences in mood between blocked and unblocked conditions following physical activitylO-14. Some studies have demonstrated that certain subscales of mood were more positive after exercise when opiate receptors were not blocked, but have failed to demonstrate a significant difference in overall mood15 16. Only Allen and Coen'7 have implicated endogenous opiates as exercise-induced modulators of mood: administration of the opiate receptor antagonist naloxone resulted in no change in mood following treadmill running, but positive shifts in mood were observed overall and for each subscale of mood when a placebo was administered.
Weak relationships and discrepancies between these studies could be a result of difficulties in quantifying subtle psychological changes; most available mood instruments are best suited for assessment of pathological conditions with large variation in scores. But results are also heavily influenced by differences in the selection and characteristics of subjects for study, the nature, amount and intensity of the exercise, and the manner in which investigators attempt to block opiate receptors. For example, whereas investigators reporting no differences in mood state between blocked and unblocked opiate receptor conditions have typically used low dosages of a receptor antagonist, Allen and Coen17 used high dosages of naloxone administered intravenously first as a bolus and then by continuous drip throughout the exercise periods. That they observed significant differences between conditions might also be attributable to the fact that their subjects exercised at 75% of maximal oxygen consumption (Vo2max); a critical intensity of 70% VO2max has been reported by Goldfarb et 
Materials
The opiate receptor antagonist naltrexone, 18 (Du Pont, Wilmington, Delaware, USA) was administered orally in 50mg tablet form on one occasion; a placebo similar in appearance, taste and texture was administered on another. Like naloxone, a more commonly used opiate receptor blocker, naltrexone is highly effective but, unlike naloxone, does not require subcutaneous or intravenous administration, a protocol unsuitable for this investigation.
Two mood state instruments were used as psychological tools to assess mood state before and after an aerobics class on each of two separate occasions: the Profile of Mood States (POMS)19, and a Visual Analogue Scale (VAS)20. The POMS is a 65-item mood adjective checklist in which each adjective is scored from 0 (absent) to 4 (very much). Following standard scoring methods, six mood scales are derived: tension-anxiety, depression-dejection, confusion-bewilderment, vigour-activity, anger-hostility and fatigue-inertia. Subjects were generally able to complete the POMS within 10 min. The POMS has been used in previous studies concerning exercise, endogenous opiates and mood changes0' 12' 17. The VAS was adapted from that used by Allen and Coen17, based on the scale developed by Janal et a115.
Subjects made a vertical slash mark on a horizontal line between two extremes of mood for each of six scales arranged in random order: depressed-euphoric, regretful-joyful, pleasant-miserable, very uncalm-very calm, relaxed-uptight and disturbed-at peace. The intersection of the vertical slash mark with the horizontal line between the two extremes of mood was measured with a ruler (yielding continuous data); the positive mood end was always taken as the zero position. The VAS generally required about 5 min to complete. (Table 2) between the naltrexone and placebo conditions. By scale, the POMS results for men showed significant differences in depression (P < 0.05), anger (P = 0.05), fatigue (P < 0.05) and confusion (P < 0.005) between the naltrexone and placebo conditions; decreases in these negative mood Table 1 . Probability values for differences in mood before and after exercise between the naltrexone and placebo groups in an aerobics class using the POMS questionnaire
Mood source
Men (n = 6) Women (n = 13) states occurred with the placebo, but not naltrexone. Changes in tension and vigour were of borderline significance (P = 0.056 and P = 0.061, respectively). The total mood disturbance POMS for men indicated an overall positive mood shift following the placebo class relative to the naltrexone class (P < 0.005). For women, there were significant differences in tension (P < 0.02), depression (P < 0.002), anger (P < 0.002) and confusion (P < 0.005) between the naltrexone and placebo conditions, but there were no significant differences in vigour and fatigue. As with men, decreases in negative mood states occurred with the placebo but not with naltrexone, and the total mood disturbance POMS showed a positive mood shift overall (P < 0.002).
Results obtained using the VAS were in agreement with results obtained using the POMS. By scale, the VAS results for men indicated significant differences in responses between the extremes of miserablepleasant (P < 0.05), very uncalm-very calm (P < 0.005), uptight-relaxed (P = 0.02) and disturbed-at peace (P < 0.02), but there were no significant changes in depression-euphoria and regretful-joyful. Overall, the global mood VAS indicated a significant positive mood shift for men upon completion of the placebo class relative to the naltrexone class (P < 0.02). Women were characterized by significantly different responses between the extremes of depression-euphoria (P < 0.02), miserable-pleasant (P < 0.05) and uncalm-very calm (P < 0.02), but there were no significant changes in responses between the extremes of regretful-joyful, uptight-relaxed and disturbed-at peace. The global mood VAS indicated a significant positive mood shift overall upon completion of the placebo class relative to the naltrexone class in women (P < 0.02).
There were significant positive Pearson productmoment correlations between the total mood disturbance POMS and the global VAS in both the placebo (r = 0.82, P = 0.0001) and naltrexone (r = 0.54, P < 0.02) conditions.
Discussion
The data demonstrate clearly that exercise in a high-intensity aerobics class for 75 min was followed by significant changes in mood in both men and women; mood states became calmer, more peaceful, more relaxed and pleasant, tending away from tension, depression, anger, fatigue and confusion. This overall positive mood change did not occur when subjects were preloaded with a 50-mg dose of naltrexone, an opiate receptor blocker, suggesting that activity-generated mood changes are mediated through endorphinergic mechanisms.
Our observations are in agreement with those of Allen and Coen17, who noted similar responses in male runners within a controlled laboratory environment. Taken together, these studies are strong evidence for exercise-induced endorphin-mediated mood changes in humans, especially since they demonstrate external and internal validity, respectively. That Allen and Coen"7 used intravenous naloxone whereas we used oral naltrexone as a means of blocking opiate receptors suggests both Br J Sp Med 1992; 26 (2) 113 naloxone and naltrexone have similar effects upon the opiate receptors subserving mood state, but these specific receptors remain to be defined. Farrell et al. 13 , using naltrexone, failed to implicate an endorphin link between exercise and mood, as have similar investigations using naloxonel0-l4.
That the present investigation observed significant results whereas most others have not, might be attributable to the environment within which subjects were observed; we did not require participants to exercise under unfamiliar conditions in a clinical laboratory situation where associated stress may have influenced answers to questions regarding mood state. For example, because psychological stress invokes significant increases in plasma levels of 3-endorphin and other hormones released in association with adrenocorticotropin21,22, a foreign environment and unfamiliar activity may profoundly influence the validity and reliability of mood state responses and measurements of endorphin levels. In this manner, baseline levels of endorphin and mood may be distorted such that no difference is observed between the pre-and post-exercise conditions.
The uniqueness of observing participants in an aerobics class deserves comment. We are not aware of any investigations of exercise-induced mood shifts involving aerobics classes. Exercise intensity in the present study can only be speculated on but, though subjective, it is worth stating that the 75-min aerobics class was worthy of its 'high-intensity' rating, presenting a unique challenge unmatched by most other classes. It is a reasonable assumption that the subjects were working at a relatively high percentage of their VO2maX at least for most of the 31-min cardiovascular portion of the class, but no claim can be made as to how this approximated the critical intensity of 70% Vo2max reported by Goldfarb et al. 6 as necessary to increase levels of 3-endorphin. The additional stipulation by Goldfarb et al.6 of a 15-min minimum duration of exercise was exceeded by subjects in the present study in both the cardiovascular and muscular endurance portions of the aerobics class, and it is also possible that lactate production during the muscular endurance portion of the class might have contributed to endorphin response, since lactate and f3-endorphin levels are positively correlated23.
Although we observed similar shifts in mood with both the POMS and VAS, we feel that results of the POMS should be weighted more heavily than those of the VAS, even given our observations of significant correlations between the total mood disturbance POMS and global VAS in both the naltrexone and placebo conditions. Also, while the VAS appeared to assess mood changes rather well in relation to the POMS in the placebo condition (r = 0.82), the lower correlation coefficient of the VAS with the POMS in the naltrexone condition (r = 0.54) suggests some degree of inadequacy in the ability of the VAS to measure negative mood state with the refinement of the POMS. The POMS is a validated psychological tool, the VAS is not. As a 65-item mood adjective checklist from which six basic mood scales are derived, the POMS ensures considerable difficulty in biasing responses, but even when mood extremes are arranged in random order on the VAS it is still possible to demonstrate a bias.
However, this is not to say that the POMS is without problems. The measure of vigour did not show a significant shift in either men or women in this study, and female values for change in fatigue were not significant. It may be that psychological and physical responses to questions concerning vigour and fatigue were confused: a subject may physically perceive fatigue and a lack of vigour, even when psychologically feeling refreshed and vigorous. Irrespective of the perceived validity of these mood subscales, the total mood disturbance POMS, which is the best indicator of mood shift between the placebo and naltrexone conditions, still indicated highly significant differences. Another problem with the POMS is that the vigour scale pertains to an effectively positive mood that is opposite in nature to the negative emotional experiences assayed by the other five scales; we resolved this by giving the vigour scale a negative weight in calculating the total mood disturbance POMS value. Thus, for all five scales, a downward or lower score indicated a positive mood shift.
In conclusion, the present investigation of both men and women found significant differences in mood state following a high-intensity aerobics class between conditions in which naltrexone, an opiate receptor antagonist, and a placebo were administered. Post-class mood was characterized by a calm, unstressed frame of mind when subjects received the placebo, but these positive mood shifts did not occur with administration of naltrexone. The results implicate endogenous opioids as mediators of activitygenerated mood changes.
